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(57) Abstract 

The device is a pressure sensor based on optical interference in a sensor body, with a cavity created between two parts spaced apart 
from each other, where the light signal is transported directly in vacuum, air, gas, liquid, another gas medium or a transparent solid material 
from a source of light to the sensor body and subsequently in the same media to a photo detector which outputs an electrical signal which 
constitutes a measurement of the pressure which is desired to measure. 
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TITLE : 

5 Device for electro-optical pressure measurement. 

The present invention relates to a device for electro- 
optical measurement of pressure according to the preamble 
of claim 1. 

10 

The device is a pressure sensor based on optical 
interference in a sensor body with a cavity created between 
two parts spaced apart from each other, where the light- 
signal is transported directly, in vacuum, air, liquid, 

15 another gas-medium or transparent solid material, from a 
light source to the sensor body and subsequently in the 
same media to a photo detector which outputs an electrical 
signal which constitutes a measurement of the pressure one 
wishes to measure. There is an earlier patent application 

20 (application PCT/SE93/00393 ) which describes a device based 
on a sensor body which is constructed according to the same 
principles, where the optical signal is transported in an 
optical fibre. In the present invention, a number of 
possibilities are shown of creating a sensor where the 

25 optical fibre is eliminated. In so doing, a sensor is 
obtained with an electrical output signal where the signal 
conversion from optical to electrical takes place close to 
the point of measurement. The invention is intended for 
those cases where the optical fibre which is part of the 

30 device according to application PCT/SE93/00393 causes 
disadvantages, and where it is desired to utilize a 
pressure sensor with an electrical output signal but with 
the advantages of the optical sensor principle. 

35 The sensor body included in Fig. 1 can be constructed in 
various different ways. The version shown in Fig. 1 
consists of two parts 1, 2 separated by a molecular ly 
applied layer 3 with a geometrical shape such that a cavity 
4 is formed between the two parts. The width of the cavity 

40 is adapted to the wavelength of the light so that optical 
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interference occurs in it (see application PCT/SE/00393). 
A suitable method for manufacturing the sensor body 1, 2, 
3 is to use silicon technology in the way described in 
application PCT/SE/00393. 

There are various earlier known versions of optical sensors 
for measurement of pressure. Regardless of the amount of 
parts which are used for joining together the sensor body, 
the sensor body according to the invention is given the 
reference "1, 2, 3". 

The principal construction of the device is shown in Fig. 

1. The sensor body 1, 2, 3 with the cavity 4 is joined 
together with an optical transmitter-receiver unit 6 via a 

15 medium of vacuum, air, liquid, another gas or transparent 
solid material 5 for the transport of the optical signal. 
The distance between the transmitter-receiver unit 6 and 
the sensor body 1, 2, 3 can vary depending on the intended 
application, from a version where the transmitter-receiver 

20 unit 6 is placed in direct contact with the sensor body 1, 

2, 3 to larger distances, where the length of the material 
5 can be determined by, for example, a tube. The 
transmitter-receiver unit 6 consists of a light source, 
which emits light through the media 5 towards the sensor 

25 body 1, 2, 3. The light penetrates the part 1, interferes 
in the cavity 4, is reflected against the part 2 and is 
returned to the media 5, following which it is received in 
the transmitter-receiver unit 6 by a photo detector which 
outputs an electrical signal. The intensity of the returned 
30 light depends on the interference conditions inside the 
cavity 4, which depend on the depth of the cavity, which in 
turn is* decided by the bending of the part 2 due to the 
external, pressure. The electrical signal which is output 
from the photo detector thus becomes a measurement of the 
- 35 xternal pressure. The transmitter-receiver unit, 

consisting of light source and photo detector can also 
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possibly contain an lectronic circuit for the feeding of 
these two components and for processing of the electrical 
signals from the photo detector. Such electronics, which 
can be designed as an integrated circuit, can for example 
5 comprise one part for eliminating noise, one part for 
analogue-to-digital conversion of the electrical signal, or 
a part for the linearization of the electrical sensor 
signal. The combination of the parts which the device 
according to Fig. 1 comprises can be varied in a number of 
10 ways, as stated in the claims and in the text below. 

Fig. 2 shows a version of the device of Fig. 1, where a 
light source 7 is attached directly to the sensor body 1, 
2, 3 so that the light 12 from the light source 7 after 

15 interference in the cavity 4 is reflected back (13) to the 
photo detector 9. The light source can, for example, be a 
light emitting diode fed from the voltage source 8, and the 
photo detector can be a photodiode fed from the voltage 
source 10 with an ampere meter 11 in the latter circuit in 

20 order to obtain a current through the photodiode as a 
measurement of the pressure which affects the sensor body 
If 2, 3, 

Fig. 3 shows a version where the light source 7 and the 
25 photodiode 9 are placed on the surface of and electrically 
connected to an integrated circuit in the shape of a 
semiconductor chip 14, which contains the electronics 
described in the paragraph above. Another similar 
possibility is shown in Fig. 4, where the light source 7 
30 has been embedded in a recess in the semiconductor chip 14, 
and where the photo detector 9 is designed as a photodiode 
which is integrated in the semiconductor chip. 

Fig. 5 shows a version where the sensor body 1, 2, 3 has 
' 35 been separated from the transmitter-receiver unit 6, which 
can be any of the versions described above in connection 
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with the drawings above or below, by placing the two units 
at separate ends of a tube-shaped spacing unit 15 with a 
transmission hole 16. The advantage of this geometry is 
that the transmitter-receiver unit 6 is separated from the 
5 point of measurement where the sensor body is located, in 
such cases where the point of measurement is in contact 
with high temperatures, aggressive chemical media or other 
severe environments. The light is here transported in the 
media which exists inside the tube: vacuum, air, gas, 
10 liquid or some other substance which is transparent to the 
wavelength of the light in question. Furthermore, the 
spacing unit 15 is preferably joined to the sensor body 1, 
2, 3 using thermic or anodic bonding. 

15 Fig. 6 shows a version of the above where the medium whose 
pressure it is desired to measure is led into the 
transmission hole 16 of the tube 15 through an opening 17, 
where the sensor body 1,2,3 and the transmitter-receiver 
unit 6 are held in place by the end-sealings 18, 19. 

20 

Fig. 7 shows a practical solution, where the tube 15 with 
the transmission holes 16 is positioned inside a casing 
where it is held in place by the end-sealing 21. The casing 
20 has a screw-threading 22 for attachment. The 

25 transmitter-receiver unit is represented in the figure by 
a casing 23 with the light source 7 and the photo detector 
9 fitted and electrically connected to the connecting pins 
24 for connection to an electronic circuit outside of the 
sensor device. It is of course possible to replace the 

30 device 7, 9, 23, 24 with one casing which contains an 
integrated circuit with a light source and photodiode as 
described above. The sensor body 1, 2, 3 is sealed against 
the inside of the casing 20 with a sealing ring 25. The 
length of the tube 15 can be varied depending on the 
* 35 intended application. For those cases where the temperature 
of the point to be measured is not sufficiently high to 
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negatively affect the transmitter-receiver unit, the tube 
15 can be shortened in order to obtain maximum efficiency 
in the optical transfer between the transmitter-receiver 
unit 9, 7, 23, 24 and the sensor body 1, 2, 3. 

5 

If the sensor body is made from a semiconducting material, 
for example silicon, the light source and photo detector 
can be integrated as pn-transitions with the sensor body l f 
2, 3 itself, in the way shown in Fig, 8. This can be 

10 achieved by giving the areas 26 and 27 opposite dopings as 
compared to parts 1 and 2. If, for example, part 1 is a 
semiconductor of the n-kind, the area 27 is doped to become 
the p-kind and vice versa. In this way, pn-transitions 
between the areas 1 and 27 are created, and in a 

15 corresponding manner between the areas 2 and 26. The pn- 
transition 2, 26 can for example be used as a photodiode by 
reverse-connecting it. In order to achieve this, a contact 
doping 28 with the same kind of charge as part 2 is made, 
but with a higher concentration of doping substance in a 

20 manner which is conventional within the IC technology. The 
areas 26 and 28 can thus galvanically be connected to a 
voltage source 29 connected in series with an ampere meter 
30. In a corresponding manner, a contact doping 31 can be 
made for galvanic connection of the pn-transition 1, 27 via 

25 a voltage source 32, so that the pn-transition 1, 27 
becomes forward-connected. The pn-transition 1, 27 will 
thus function as a light emitting diode. The emitted light 
33 interferes in the cavity and is transported onwards (34) 
to the photodiode 2, 26 where its intensity is detected and 

30 becomes a measurement of the external pressure when the 
depth of the cavity 4 varies due to a variation in pressure 
in the., earlier described manner. As mentioned above, the 
sensor body 1, 2, 3 can also be constructed without the 
spacing layer 3 but with an otherwise if the parts 1 and 2 
' 35 are made from n-type and p-type materials respectively. 
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The luminescent properties of silicon are, as a rule, very 
weak although a forward-connected pn-transition often 
causes a light emission which is easily detectable using a 
photodiode in the same material. Recently, there has been 
5 some research in order to create more efficient light 
emitting diodes in silicon. Such structures can be obtained 
by doping the silicon with a suitable recombination centre, 
for example erbium (see E.King and D.G.Hall, Physical 
Review B, 50, 10661 (1994) and references therein). In this 

10 way, light emission is obtained in a wavelength area which 
normally is not detectable using silicon photodiodes. The 
sensitivity of the photodiode can, however, be increased by 
doping it too with a generation centre which has an energy 
level close to the middle of the bandgap energy of silicon 

15 (see for example O.Engstrom and H.G.Grirameiss, Journal of 
Applied Physics 47, 4090 (1976)). 

A version of the device of Fig. 8 is shown in Fig. 9. The 
doping 26 of the photodiode is here in the same part 2 as 

20 the light emitting diode 27. The light 33 from the light 
emitting diode 27 interferes in the cavity 4 but is now 
reflected, back to the photodiode 26. Both the light 
emitting diode and the photodiode are in this case 
connected to the same contact doping 36, but the light 

25 emitting diode is forward-connected by the voltage source 
35 while the photodiode is reverse-connected by the voltage 
source 29 at the same time as its current is measured with 
the ampere meter 30 connected in series. Fig. 9 also shows 
a possibility of simultaneously measuring temperature in a 

30 component according to Fig. 8 or 9. A pn-transition 1,40 is 
created which is not affected by the light from the light 
emitting diode 2, 27, by placing it on the sensor body in 
such a way that it is optically screened from the light 
emitting diode 2, 27. In the figure, this has been shown by 
• 35 placing the pn-transition 1,40 close to the edge of the 
sensor body. Other positions are also possible, where 
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optical contact is pr vented betw en the light emitting 
diode 2, 27 and the pn-transition 1,40. By reverse- 
connecting the pn-transition 1,40 by means of a galvanic 
coupling to the contact doping 37 via the voltage source 38 
5 connected in series with the ampere meter 39 , the current 
measured by the ampere meter becomes a measurement of the 
temperature of the sensor body. In this way, a sensor is 
created for the simultaneous measurement of pressure and 
temperature. As mentioned above, the sensor body 1, 2, 3 
10 can also be constructed without the spacing layer 3 but 
with an otherwise if the parts 1 and 2 are made from n-type 
and p-type materials respectively. 

Fig. 10 shows a version of the device of Figs. 8 and 9 

15 where the sensor body is designed as a pn-transition with 
a cavity 42 in the transition between the p-type 
semiconductor 40 and the n-type semiconductor 41. In each 
of the parts 40 and 41 there are dopings 43 and 44, where 
43 is an n-type doping and 44 is a p-type doping. In this 

20 way, pn-transitions 43, 40 and 44, 41 are also created. Two 
contact dopings 45 and 46 are injected in the two parts 40 
and 41, and voltage sources 47 and 49 are galvanically 
connected between the contact dopings and the pn- 
transitions in series with one ampere meter each 48 and 50 

25 so that, as can be seen in Fig. 10, the two pn-transitions 
44, 41 and 43, 40 become reverse-connected. Furthermore, 
the two contact dopings 45 and 46 are connected to an 
external voltage source 51 so that the pn-transition which 
is formed by the two parts 40 and 41 becomes forward- 

30 connected. The device in Fig. 10 then corresponds to the 
equivalent circuit diagram shown in Fig. 11. The numbering 
of the electrical nodes in Fig, 11 corresponds to the 
numbered areas of Fig. 10. The structure in Fig. 10 thus 
constitutes three pn-transitions, where one is forward- 
* 35 connected and emits light while two are reverse-connected 
and detect light. By choosing polarization of the voltage 
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sources 47, 49 and 51, the light emitting diode function 
and the photodiode function can b arbitrarily chosen among 
the three pn-transitions. Furthermore, by placing one of 
the superficially located pn-transitions 43, 40 or 44, 42 
so that they are optically screened from the pn-transition 
which has been chosen to be a light emitting diode, it can 
be used for measuring temperature according to the 
principle described in connection with Fig. 9. 

It should be pointed out that the term "direct optical 
contact" comprises designs where a transmitter-receiver 
unit is arranged so that no transmission via an optical 
fibre is necessary. This can be done, for example, by 
arranging a light source in direct connection to the sensor 
body (compare Fig- 1) or by a transmitter-receiver unit 
being so arranged that there is optical contact via a 
transmission aperture which might be filled with a 
transparent media (compare Fig. 5). 
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5 

1. Device for measuring pressure, comprising at least 
two parts (1, 2) spaced apart from each other by a 
molecular ly applied layer (3), which parts are located one 
on either side of a cavity (4) or a cavity constructed in 

10 a pn-transition (40, 41, 42), in this way constituting a 
sensor body (1, 2, 3) and an optical transmitter-receiver 
unit (6), characterized in that the optical 
transmitter-receiver unit (6) is in direct optical contact 
with the cavity (4), the width of which is affected by a 

15 pressure so that the light from the optical transmitter- 
receiver unit interferes inside the cavity (4), is 
modulated by it, is detected by the transmitter-receiver 
unit (6) and thus constitutes a measurement of the pressure 
in the shape of an electrical signal from the transmitter- 

20 receiver unit (6). 

2. Device according to claim 1, 

characterized in that the optical 
transmitter part in the form of a light source ( 7 ) , and the 
25 optical receiver part (9) in the form of a photodiode are 
in direct optical contact with the sensor body (1, 2, 3) by 
being mechanically attached to the sensor body. 

3. Device according to claim 1, 

30 characterized in that the optical 
transmitter (7) and receiver (9) parts are mechanically 
attached to an integrated electronic circuit (14) for the 
electrical feeding of the transmitter (7) and the receiver 
(9), and for the processing of the electrical signals from 

35 the receiver (9). 

4 . Device according to claims 1 and 3 , 
characterized in that the optical 
transmitter unit (7) is fitted in a recess in the 
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integrated circuit (14) and/or in that the receiver unit 
(9) is integrat d in the circuit (14) as a photodiode. 

5. Device according to claim 1, 

characterized in that the transmitter- 
receiver unit (6) and the sensor body (1, 2, 3) are fitted 
one at either end of a spacing unit (15) with a hole (16) 
for the transport of light signals between the transmitter- 
receiver unit (6) and the sensor body (1, 2, 3). 

6. Device according to claim 5, 

characterized in that the spacing unit (15) 
is attached to the sensor body (1, 2, 3) by means of 
thermic or anodic bonding, 

7. Device according to claim 5 or 6, 

characterized in that the hole (16) 
comprises a medium which is vacuum, air, gas, liquid or 
another substance which is transparent to the wavelength of 
the light in question, 

8. Device according to any of claims 5-7, 
characterized in that the light transporting 
hole (16) via an aperture (17) is in contact with a 

25 surrounding media, the pressure of which is to be measured. 

9. Device according to any of claims 5-8, 
characterized in that the spacing unit (15) 
is fitted in a jacket (20) with a sealing (25) between the 

30 sensor body and the jacket, and with the sensor body fitted 
so that it is in optical contact with a transmitter- 
receiver unit at the other end of the spacing unit (15). 

10. Device according to claim 1, 

'35 characterized in that the transmitter unit 
(1, 27) is designed as a light emitting diode and the 
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receiver unit (2, 26) is designed as a photodiode, both of 
which are integrated in parts 2 and 1 respectively of the 
sensor body by being designed as pn-transitions in their 
respective parts of the sensor body* 

11. Device according to claim 10 , 

characterized in that a further pn- 
transition is created in the sensor body for measuring the 
temperature of the sensor body. 

12. Device according to claim 1 with the sensor body 
designed as a pn-transition (40, 41, 42), 
characterized in that two further pn- 
transitions are created in parts 40 and 42 so that any of 
the three pn-transitions can be a light emitting diode 
while the two others can be photodiode and temperature 
measuring unit, respectively. 
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